
TITLE OF THE INVENTION AN APPARATUS AND METHOD FOR
FILLING A BALL GRID ARRAY  TEMPLATE  5 BACKGROUND OF
THE INVENTION  Field of the invention The present
invention generally relates to ball grid array (BGA)
and in  10 particular, an apparatus and method for
filling a ball grid array template with  solder balls.
Description of the Prior Art Ball grid arrays
techniques are common nowadays for connecting high- 15
density IC components onto circuit boards. US Patent
No. 5,655, 704, issued to  Matsushita Electric
Industrial Co., 12 August 1997 discloses a method of
filling a  template or a stencil with solder balls as
a sweeping bin passes over the template. However, such
method is very susceptible to solder ball damage by
the design itself as well as due to process
variability, contamination or foreign  20 particle. As
a result of the damage, subsequent process becomes not
possible or the object of subsequent depositing the
solder ball on the BGA package is not  possible. FIG.
1 shows a conventional method of filling a BGA
template with solder  balls. The BGA template 1 is
provided with a plurality of holes to receive a 25
plurality of solder balls 3. A ball bin 2 sweeps over
and above the template 1  and deposits the solder
balls 3 into the holes on the template 1. As this
deposition of the solder balls 3 can happen anytime
when the solder ball 3 and  the hole are aligned, the
deposition may take place just as the ball bin 2 is
about  to reach the particular hole at which the
solder ball 4 is just about to drop in. As 30 shown in
FIG. 1, this may result in the ball 4 being quashed by
the bin 2.  Another possible situation is when the
solder ball 6 fails to properly seat in the  hole due
to foreign matter 5. The bin 2 will shear off the top
of the solder ball 6. 



FIG. 2 is a perspective view showing a solder ball
mounting apparatus  disclosed in US Patent No. 5,655,
704. As shown in the FIG. 2, the solder balls  35 are
deposited onto the substrate 10 through the stencil 7.
The flux dots 11 on 2  the substrate hold the solder
balls 9 in place. However, as these flux dots 11 are
liquid paste, the volume or height of the dot 11 may
vary as in the case of flux  dot 12, where there is
excessive amount. This causes the solder ball 13 to
stick  out of the stencil 7 and be sheared off at the
top as the solder bal I bin 8 passes 5 over the ball
13. There can potentially be cases where there is not
any flux dots  and the solder balls will drop lower
than the usual height and the solder ball 14  will be
sheared by the bin 8. US Patent No. 5,499,487, issued
to Vanguard Automation, Inc., 19 March  1996 discloses
an apparatus for placing solder balls in a ball grid
array. The 10 apparatus comprises a wheel having an
inner and an outer face, and the wheel  being
rotatable about a horizontal axis, means for attaching
a ball grid array to  the inner face of the wheel,
means for attaching a tooling fixture to the outer
face  of the wheel in a position corresponding to that
of the ball grid array, means for  forming a reservoir
of solder balls at the bottom of the wheel, means for
15 controllably rotating the wheel to move the tooling
fixture through the reservoir  in a manner to fill
recesses in the fixture with solder balls and to
remove from  the surface of the array any excess
solder balls which are not occupying  recessed, the
inner and the outer faces being separated a distance
to permit the  tooling fixture to engage solder balls
in the reservoir while ball grid array does  20 not
engage the solder balls. US Patent No. 5,551,216
relates to a method and apparatus for filling a  ball
grid array. The apparatus comprises a reservoir for
solder balls and a tooling  plate with an array of
holes for receiving solder balls. US Patent No.
6,276,598  relates to a method and an apparatus for
ball placement. The method and 25 apparatus are
particularly suitable for transferring solder balls to
a ball grid array  



package. The methods disclosed in the above US Patents
Nos. 5,499,487,  5,551,216, and 6,276,598 make use of
free flow of solder balls 17 over tilted  templates 15
with or without vacuum suction at the holes receiving
the solder 30 balls. This method does not prevent
excess solder balls 18 and solder balls 19  remaining
on the surface of the template or around the holes due
to either static  forces, vacuum leakage at holes or
foreign matter which may be sticky like flux 3  used
in the attachment to the substrate. In these
citations, subsequent operation  whereby the ball pick
head 16 or a ball grid array substrate 20 is advanced
above the template will result in quashed solder ball
or multiple balls at each  hole in the pick head or at
each electrode on the ball grid array (as shown in
FIGS. 3 and 4). US Patent No. 5,918,792, issued to
RSVI Vanguard, Inc., 6 July 1999,  discloses ball grid
arrays and method for placement of solder balls onto
the  pattern of metallized pads or dots of such
arrays. The apparatus comprises an  elongated holder
defining an elongated recess therein for the carrier
of the array,  a stencil overlying the recess and
supported by guide rails, a block of rigid  material
having a planar bottom surface contacting the stencil
and for movement  along the stencil, and means for
moving the block along the stencil for moving a  bin
contacting solder balls over the apertures formed on
the stencil for filling the  apertures. SUMMARY OF THE
PRESENT INVENTION In a first aspect, there is provided
a solder ball filling apparatus  comprising: a base
plate provided with a ball grid array template on one
end  having a plurality of locating holes extending
therethrough for receiving solder  balls, the base
plate having pivotal movement about a pivot between a
first pivot  direction to move solder balls toward the
ball grid array template and a second,  opposite pivot
direction to move solder balls away from the ball grid
array  



template; a solder ball supply bin provided on the
base plate for holding solder  balls therein and for
depositing solder balls in one. or more of the
locating holes  when the bin is located above the ball
grid array template; and a motor capable  of moving
the solder ball supply bin along the base plate toward
and away from  the ball grid array template. In a
second aspect, there is provided a method of filling a
ball grid array  template with solder balls, the ball
grid array template being provided on one  end of a
base plate and having a plurality of locating holes
extending therethrough, the base plate being capable
of pivotal movement between a first  pivot direction
and a second, opposite pivot direction, and a solder
ball supply  bin being provided on the base plate that
is capable of sliding thereon in the first 3a  and
second pivot directions, the method comprising: (a)
providing solder balls in  the solder ball supply bin;
(b) pivoting the base plate in the first pivot
direction to  allow solder balls located in the bin to
move in the first pivot direction; (c)  moving the
solder ball supply bin over the base plate in the
first pivot direction  to the ball grid array template
to thereby allow solder balls to fill one or more of
the locating holes; (d) pivoting the base plate in the
second pivot direction to  allow solder balls located
in the bin to move in the second pivot direction away
from the ball grid array template; and (e) moving the
solder ball supply bin over  the base plate in the
second pivot direction. Accordingly disclosed herein
is an apparatus and method for filling a ball  grid
array template with solder balls. Also disclosed
herein is an apparatus for  filling a ball grid array
template having locating holes with a plurality of
small  solder balls comprising a base plate rotatably
mounted at the axis thereof to a controlling device
and the ball grid array template being mounted onto
the base plate so that the  template rotates
simultaneously with the base plate; a ball supply bin
slidably mounted over the top surface of the base
plate  



while being rotated together with the base plate, the
sliding motion of the ball  supply bin being
controlled by a driving means such as a motor, and the
ball  grid array template about the axis of the base
plate, and the ball supply bin being  substantially
rectangular and enclosed on three vertical sides while
the fourth  vertical side proximity to the ball grid
array template being a ball gate, said ball  gate
pivoted about the axis thereof and being normally
rested by a stop pin or  the like, such as a stopping
edge, positioned at the lower surface of the ball
gate; 4  a sensing device positioned at both the ends
of the base plate at a height similar to the height of
the ball gate from the base plate for monitoring the
opened/closed position of the ball gate; and a
plurality of small solder balls enclosed by the ball
supply bin 5 thereby when the base plate tilted
towards the ball grid array template, the bin  supply
bin slides to and over the ball grid array template
and thereby fill up the  locating holes on the
template with solder balls, the base plate is then
tilted in  the opposite direction, the ball supply bin
slides back to the other end and  simultaneously, the
excess solder balls are fallen back with the supply
bin. 10 Disclosed herein is a method of filling solder
balls on a ball grid array  template having a
plurality of locating holes, said method comprising
the steps  of. positioning said ball grid array
template at one end of a pivotal base plate;
introducing a plurality of solder balls in a ball
supply bin which is slidably  15 positioned at the one
end of the base plate, and is slidable on the base
plate; clockwise rotating of the base plate, causing
the ball supply bin sliding  towards the ball grid
array template to allow the solder balls contained in
the  ball supply bin to fill the locating holes on the
template, and the sliding motion  of the ball supply
bin being controlled by a driving means such as a
motor, each  20 solder ball for each locating hole;
and counter-clockwise rotating of the base plate and
sliding of the ball supply  



bin back to its initial position and, in so doing,
remove any excess solder balls  from above the ball
grid array template. Disclosed herein is an apparatus
for filling solder balls on a ball grid array  25
template, further comprising a ball pick head which is
lowered above the ball  grid template to remove the
solder balls by vacuum for transferring to a ball grid
array substrate. Disclosed herein is a method of
filling solder balls on a ball grid array  template,
wherein the base plate may be tilted clockwise in an
angle ranging  30 from 5 to 40 degree above
horizontal. 5  Disclosed herein is a method of
removing excess solder balls from a ball grid array
template, wherein the base plate may be tilted
anti-clockwise in an  angle ranging from 20 to 75
degree. An embodiment of the invention will now be
described by way of  5 example and with reference to
the accompanying drawings, in which  BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a partly enlarged
cross-sectional view showing a conventional solder
ball mounting apparatus. 10 FIG. 2 is a
cross-sectional view of another conventional solder
ball mounting  apparatus. FIGS. 3 and 4 schematically
show instances which may result in quashed solder
ball or multiple balls at each hole in the pick head
or at each electrode on the  ball grid array in a
conventional solder ball mounting apparatus. 15 FIG. 5
is a cross-sectional view showing the depositing of
solder balls from the  ball supply bin to the ball
array template in accordance with the present
invention. FIGS. 6 to 15 are cross-sectional views
showing operation sequence of  depositing of solder
balls in accordance with the present invention. 20 



DETAILED DESCRIPTION OF THE PRESENT INVENTION While
the specification concludes with claims defining the
features of the  invention that are regarded, it is
believed that the invention will be better  understood
from a consideration of the following description in
conjunction with  25 the drawings. Referring now to
FIG. 5, there is shown an apparatus for filling solder
balls on a ball grid array template in accordance with
the present invention. The  apparatus comprises a base
plate 1 rotatably mounted at the axis 2 thereof to a
controlling device; a ball grid array template 3
mounted onto the top surface of 30 the base plate 1 at
one end thereof so that the ball grid array template 3
rotates  simultaneously with the base plate 1 when the
base plate 1 rotates (tilts)  clockwise or
anti-clockwise; a ball supply bin 4 substantially
rectangular shape 6  slidably mounted over the top
surface of the base plate 1 at the other end thereof
and corresponding to the position of the ball grid
array template 3 and the ball  supply bin is driven by
a motor and is moveable along the base plate 1 while
the  base plate 1 rotates about the axis 2 of the base
plate 1. In accordance with the 5 present preferred
embodiment, the ball supply bin 4 is enclosed on three
vertical  sides while the fourth vertical side,
proximity to the ball grid array template 3, is
provided with a ball gate 5. The ball gate 5 is
pivoted about the axis 6 thereof  and is normally
rested by a stop pin.7 positioned at the lower surface
of the ball  gate 5 when the base plate 1 rotates
clockwise or counter-clockwise. The ball 10 grid array
template 3 is provided with a plurality of locating
holes 12 on the top  surface to hold solder balls 10,
and one locating hole 12 receives only one  solder
ball 10, as shown in FIG..5. A sensing device 8, such
as a through-beam sensor, or a focused-beam
reflective sensor is positioned and supported at both
the ends of the base plate 1  15 at a height similar
to the height of the ball gate 5 from the base plate 1
for monitoring the opened/closed position of the ball
gate 5. If the ball gate 5 is in  



an open position, this indicates an abnormality in
operation. The ball gate 5 is  designed in such a way
that the weight of the ball gate 5 is pivoted about
the  axis 6 and the weight will ensure that the ball
gate 5 forms a close wall to 20 contain the solder
balls 11 within the ball supply bin 4. As shown in
FIG.. 5, a plurality of small solder balls (in bulk)
11 are  enclosed by the ball supply bin 4. A ball pick
head 9 is positioned above the  ball template 3 and is
lowered to remove the solder balls 10 on the ball grid
array template 3 by vacuuming for transferring to a
BGA substrate 19 (referring to  25 FIG. 15). In
accordance with the present invention, a vacuum 18 is
provided to a  chamber 13 underneath the ball grid
array template 3, in communication with  the
individual locating holes 12 on the ball grid array
template 3 so as to assist  the filling of the solder
balls 10 (referring to FIG. 7 and FIG. 8). 30 FIGS. 7
through 15 depict the operation of the apparatus in
accordance  with the present invention. 7  At the
initial operation of the apparatus, the base plate 1
together with the ball grid array template 3 having no
solder balls 10 on the locating holes 12 are  in the
horizontal position (as shown in FIG. 6). As shown in
FIG. 6, the solder  balls 11 are contained within the
ball supply bin 4 and the ball gate 5 is at the  5
close position. Referring to FIG. 7, the base plate 1
tilts or is rotated clockwise to about 5  to 40 degree
above horizontal. The angle of rotation is determined
by the ability  of the solder balls 11 within the ball
supply bin 4 to spread out towards the ball  gate 5 to
maximize ball deposition possibility over the ball
grid array template 3 10 in subsequent steps. The ball
gate 5 forms a close wall to keep the solder balls  11
within the supply bin 4. As shown in FIG. 8, the ball
supply bin 4 slides towards the ball grid array
template 3 and over the template 3 and in so doing,
the solder balls 11 within  



the supply bin 4 are deposited into the locating holes
12 on the surface of the 15 template 3. The vacuuming
means. 18 connected to the chamber 13 assist in
filling the solder balls 10 into the locating holes 12
on the template 3.  Referring to FIG. 9, the base
plate 1 is then tilted or rotated counter clockwise to
about 20 to 75 degree below horizontal. Similarly, the
angle of  rotation is determined by the ability of the
solder balls 11 within the ball supply  20 bin 4 to
fall freely by gravity towards the far-end of the bin
4 from the ball gate 5 and by the amount of
rotational. torque balance at which the ball gate 5 is
pivoted about the axis 6. Due to the fact that the
solder balls 11 are typically very small, as small as
0.2 mm diameter, some residual solder balls, denoted
as 14, may attach to the  25 surfaces 15 of the base
plate 1, the ball grid array template 3 or around the
locating holes 12 due to static charges, humidity,
contamination or vacuum  leakage. As shown in FIG. 10,
at this angular orientation, the ball supply bin 4
slides backwards and in so doing sweeps off excess
residual solder balls 14. The  30 solder balls 10
deposited in the locating holes 12 remains in place,
held by either vacuum 18 in the chamber 13 or by the
depth of the locating holes 12. 8  At the end of
sliding movement of the ball supply bin 4, the
locating holes 12 shall be fully deposited in such a
way that only one solder ball 10 is  contained in each
locating holes 12. However, in an abnormal situation,
as  shown in FIG. 11, whereby the residual solder ball
14 remains firmly stuck onto 5 the surrounding area of
the locating holes 12, the ball gate 5 will be tilted
counter clockwise and the tilting of the ball gate 5
is detected by the sensor 8.  FIG. 12 shows another
abnormal situation where the residual solder balls 14
are stuck. As shown in the figure, the solder ball 14
is not seated properly in  the locating hole 12 in the
ball grid array template 3. This can possibly be due
10 to foreign matter 16 present in the locating hole
12, and the ball gate 5 will be 



triggered as the ball gate 5 reaches this abnormal
location and the abnormal  situation will be detected
by the sensor 8. In accordance with the present
invention, the center of gravity of the ball  gate 5
is offset from the pivot axis 6 thereof so that the
sensitivity of the bal I gate  15 5 in detecting
abnormalities and yet not damage solder balls 14 can
be adjusted by the amount of rotation of the base
plate 1, as shown in FIGS. 11 and 12.  As shown in
FIG. 13, the base plate 1 has restored to a horizontal
position, and under normal operation, the base plate 1
is rotated clockwise back  to its initial position,
whereby the solder balls 10 in the locating holes 12
on the 20 ball grid array template 3 is in a suitable
position for further semiconductor  packaging
processes. FIG. 14 shows an example of further
processes. The ball pick head 9 of  the semiconductor
packaging device (not shown) is lowered above the ball
grid  array template 3 to remove the positioned solder
balls 10 by vacuum 17 for 25 transfer to ball grid
array substrate 19, shown in FIG. 15. While certain
novel features of this invention have been shown and
described and are pointed out in the annexed claims,
it will be understood that  various omissions,
substitutions and changes in the forms and details of
the  device illustrated and in its application can be
made by those skilled in the art 30 without departing
from the spirit of the invention. PCT/SG2003/000246
Received 14 January 2005  9 CLAIMS  i. A solder ball
fitting apparatus comprising: a base plate provided
with a ball grid array template on one end having a
plurality of locating holes extending therethrough for
receiving solder balls, the base  plate having pivotal
movement about a pivot between a first pivot direction
to move  solder balls toward the ball grid array
template and a second, opposite pivot  



direction to move solder baits away from the ball grid
array template; a solder ball supply bin provided on
the base plate for holding solder balls  therein and
for depositing solder balls in one or more of the
locating holes when the bin  is located above the ball
grid array template; and a motor capable of moving the
solder ball supply bin along the base plate  toward
and away from the ball grid array template. 2. A
solder ball filling apparatus as claimed in claim 1,
wherein the solder ball  supply bin comprises two
oppositely disposed side walls respectively connected
by a  rear side watt at one end and a pivoted ball
gate at an opposite end, wherein during  pivoting of
the base plate in the second direction, the bail gate
pivots upon contact  with solder balls that have not
moved away from the ball grid array template. 3. A
solder ball fitting apparatus according to claim 2,
wherein the rear side wall  is disposed at a distance
relative to the pivoted ball gate such that when the
bin  slideably moves on the base plate the rear wall
does not slide over the ball grid array  template. 4.
The apparatus according to claim 2, further comprising
a sensing device  positioned at both the ends of the
base plate, at a height similar to the height of the
pivoted ball gate from the base plate. 5. The
apparatus. according to Claim 4, wherein the sensing
device is a through- beam sensor or a focused-beam
reflective sensor. 6. The apparatus according to Claim
1, wherein the base plate is pivoted at an  angle
ranging from 5 to 40 degrees in the first pivot
direction. Amended Sheet  IPEA/AIJ PCT/SG2003/000246
Received 14 January 2005  10 7. The apparatus
according to Claim 1, wherein the base plate is
pivoted at an  angle ranging from 20 to 75 degrees in
the second pivot direction. 



8. The apparatus according to Claim 1, wherein the
locating holes in the ball  grid. array template are
in communication with a vacuum. 9. A method of filling
a ball grid array template with solder balls, the ball
grid  array template being provided on one end of a
base plate and having a plurality of  locating . holes
extending therethrough, the base plate being capable
of pivotal  movement between a first pivot direction
and a second, opposite pivot direction, and  a solder
ball supply bin being provided on the base plate that
is capable of sliding  thereon in the first and second
pivot directions, the method comprising: (a) providing
solder balls in the solder ball supply bin; .(b)
pivoting the base plate in the first pivot direction
to allow solder balls  located in the bin to move in
the first pivot direction; (c) moving the solder ball
supply bin over the base plate in the first pivot
direction to the ball grid array template to thereby
allow solder balls to fill one or  more of the
locating holes; (d) pivoting the base plate in the
second pivot direction to allow solder  balls located
in the bin to move in the second pivot direction away
from the ball gird  array template; and (e) moving the
solder ball supply bin over the base plate in the
second  pivot direction. 10. The method according to
claim 9, wherein the bin is capable of holding solder
balls between two oppositely disposed side walls
respectively connected by a rear  side wall at one end
and a pivoted ball gate at an opposite end, wherein
during step  (e) the ball gate pivots upon contact
with solder balls that have not moved away  from the
ball grid array template. 11. The method according to
Claim 9, wherein the base plate is pivoted at an
angle ranging from 5 to 40 degrees in the first pivot
direction. 12. The method according to Claim 9,
wherein the base plate is pivoted at an  angle ranging
from 20 to 75 degrees in the second pivot direction.
Amended Sheet  



IPEA/AU . PCT/SG2003/000246  Received 14 January 2005
11 13. The method according to Claim 9, further
comprising pivoting the base plate  to a horizontal
position after step (e). 14. The method of Claim 9,
wherein the first pivot direction is a clockwise
direction. 15. The method of Claim 9, wherein the
second pivot direction is an anti- clockwise
direction. Amended Sheet  IPEA/AU ABSTRACT AN
APPARATUS AND METHOD FOR FILLING A BALL GRID ARRAY
TEMPLATE  An apparatus and method for filling a ball
grid array template is disclosed. The  apparatus
comprises a base plate and the ball grid array
template being mounted  onto the base plate; a ball
supply bin slidably mounted over the surface of the
base plate while being rotated together with the base
plate and the ball grid.  template about the axis of
the base plate, and the ball supply bin enclosed on
three vertical sides while the fourth vertical side
proximity the ball grid array  template being a ball
gate, said ball gate pivoted about the axis thereof
and being  normally rested by a stop pin or a like; a
sensing device positioned at both the  ends of the
base plate at a height similar to the height of the
ball gate from the  base plate; and a plurality of
small solder balls enclosed by the ball supply bin.
(FIG. 5) 


